Tin bronze, have widely used in many application for a long time, because of their good properties such as; high strength, thermal conductivity, machine ability, corrosion, and wear resistance. These alloys generally used in bearing, bushing, pumps impeller, pistons ring, bell and many automotive component This alloy has good mechanical and acoustic properties such as, high strength and hardness, stability in room temperature, speed of sound. It is capable of producing long-lasting slowly damping vibrations [2] [3] [4] 
ABSTRACT
The purpose of this study is to investigate the morphology of solidification microstructures 80% Cu-20%Sn on different solidification rate. The commercial pure copper and tin were melted in crucible furnace at temperature 1000 o C. The molten metal was casted in permanent moulds which have variation temperature, i.e. C. The cooling curves of the castings were recorded using a computer aided data acquisition system.
The microstructure and mechanical properties of this alloy have been investigated. The results of this research indicate that decreasing the mould temperatures affected on increasing solidification rate that caused to reduce the solidification time. The difference of solidification rate have effected on microstructure morphology. The secondary dendrite arm spacing (SDAS) decreases with increasing solidification rate, the hardness and strength increase correspondingly. The distribution of hardness cast product increased from the center to outside the cast specimens.
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Mechanical and physical of the cast properties depend on the solidification behavior which is dictated by controlling process during solidification. The microstructure that results from solidification can directly affect on the mechanical properties of alloys [5] [6] [7] [8] . The process of solidification is the change of liquid to solid metal after pouring into the mould, during event in the life cycle of a casting. Temperature of the liquid drops gradually as heat is being lost to the mould surroundings. The heat will be extracted through the mould walls before solidification is complete.
The rate of heat transfer and the solidification time depend on the thermal properties of the mould material, casting process and the size of the casting. Solidification rate is due to gradient temperature between molten metal and mould temperature. A higher cooling rate produces rapid solidification or shor t solidification time. The solidification time and heat transfer affect the morphology of microstructure forms, such as grain size and dendrite arm spacing [6] [7] .
Although grain size in castings is considered an important parameter, dendrite and secondary arm spacing (SDAS) are the most important metallurgical factor that influences the mechanical properties of cast components 7 . Several studies on the effects of solidification microstructures, particularly of dendrite spacing upon mechanical properties have been studied. Solidification studies conducted on several materials such as: lead-free solder 8 , cast iron 9 , ductile iron 10 , lead and tin materials 11 .
So far, the research on the effect of solidification rate on microstructures and mechanical properties tin bronze not studied yet. This study was carried out to determine the effect of solidification rate on the microstructures and mechanical proper ties on different mould temperature.
EXPERIMENTAL
The commercial pure copper (99.99 wt.%) and commercial pure tin (99.99 wt.%) were melted in crucible furnace at temperature 1000 o C. The molten metal was casted in steel permanent mould with an internal diameter of 30 mm and height of 85 mm ( Set-up of measuring solidification temperatures are shown in Fig. 1 . The cooling curves of the casting and variation of temperature at different location in the molten metal are recorded by using computer aided data acquisition system (National Instrument thermocouple system).
The microstructure characteristics of the alloys are evaluated using optical microscope. The specimens for the metallographic investigation were prepared by cutting small (30 mm diameter, 15 mm long) specimens from the castings. Having cut them off, they were polished using silicon carbide abrasive paper of: 240, 400, 600, 800, 1000, 2000, grits, respectively, and then were re-polished perfectly using diamond pasta and etched with 10% HNO3 + 90 % alcohol. These procedures were applied following the standard metallographic techniques Tensile test was conducted on universal testing machine with a digital 20 KN capacity. The tensile specimens were made according to JIS Z2201. No.7. The specimen was gradually loaded until its fracture. Hardness test was carried out on Vickers type hardness-tester. Fig. 2 and Fig. 3 show that solidification curves and correlation between cooling rate curve and temperature solidification tin bronze with composition 80%Cu-20%Sn. The cooling liquid started from pouring temperature (point A) until at the beginning nucleation of dendrites (point B). Molten metal temperature is absorbed directly by the walls that have mould high thermal conductivity.
RESULTS

Solidification of alloys
High solidification rate occurs in cooling liquid region as a result of high differences temperature between the molten metal and mould temperature (point A). The specific heat is extracted by the mould until the liquid reaches in the freezing temperature.
Nucleation of dendrite and growth primary α phase were begun at approximate temperature cooling rate, as a result of the increased mould temperature during solidification Fig. 4 shows the relationship between the temperature and solidification time on variation mould temperature. The differences mould temperatures have affected the solidification rate that can be shown by different total solidification time. The total solidification time is defined as the time required to remove both the specific heat of liquid and the latent heat of fusion. This is measured from the time of pouring until solidification is complete 6 .
Cooling curve analysis
The highest solidification rate is obtained on mould temperature (A) 35 o C, i.e. 14. The raising mould temperature affected the solidification process and increased the solidification time. High gradient temperature on liquid cooling region was affected by different temperature between pouring temperature and the mould temperature. The molten metal temperature was absorbed directly on wall mould having high thermal conductivity. When solidification continue, the mould become hotter and thermal gradient decrease, so solidification rate and time reduce, primary dendrite grow and SDAS increase. Figure 8 shows that the variation of size secondary arm spacing (SDAS) structure along lines on the cross section of specimens C. SDAS decreased from the center diameter to external diameter cast specimens
Tensile and hardness measurement results
The effect of solidification rate on the mechanical properties such as the tensile and hardness are given on table 1 and Fig 10  respectively . The ultimate strength of casting specimen was increased by decreasing mould temperature. The increased in the strength of the casting specimen was influenced by higher solidification rates leading to microstructure refinement. Hardness distr ibution of the material increased from the center diameter toward the external of diameter specimens. From the observation of microstructure on microscope optic, it revealed that the increasing of the solidification rate affected the decreasing of secondary arm spacing (SDAS). They formed many branches. The size SDAS increased gradually through the center diameter of cast specimen (Fig 9) DISCUSSION Solidification rate were affected by variation of gradient temperature between molten metal and mould temperature. When the thermal gradient between the mould and the molten metal is high, the cooling rate increases and solidification time decreases. It can lead to the formation of a more refined microstructure. As solidification proceeds, the mould become hotter, the thermal gradient decreased and solidification time reduced, hence dendrite grow and SDAS increase with less arm 13 . The DAS increases as the cooling rate decreases because there is less time available for diffusion of the solute 6, 9, 11 Variation of dendrite structure forms were caused by heat absorption starting from outside diameter casting specimens toward the center of the diameter casting specimen. The liquid metal at the center of diameter has enough time to transform from liquid phase to solid phase, primer dendrite were formed. The difference size of SDAS or dendrite structures variation is formed by the effect of different solidification speed a long line from outside to center diameter casting specimen which is shown in Fig 8 and Fig. 9 .
The ultimate strength of casting specimen (UTS) increases as rate of cooling increases, showing an inverse relationship with the SDAS 9, 10 . The increased in the strength of the cast product is due to higher cooling rate leading to grain refinement. The grain refining produces a large number of grains and hence increases in the amount of grain boundaries. The greater grain boundary surface area more effectively block or movement of dislocation and the strength of the casting product is increased 6 The hardness distribution of specimens produced with different cooling rates was measured and the results are shown in Fig. 10 . It can be seen that the hardness increases with the increasing of cooling rates. The SDAS of the casting specimen also have an effect on the hardness, as shown in. Fig. 8 and Fig. 10 . It can be clearly seen that the hardness decreases by increasing SDAS. Similar results have been investigated in Ref. 12 .
CONCLUSION
Based on the result and analysis of data, the casting process on various mould temperature shows that the solidification rate has an effect on SDAS, hardness and tensile strength. It was found that the solidification rate increase as SDAS decreases. The size of SDAS increases from outside diameter into the center diameter of cast specimens. The ultimate tensile strength (UTS) and hardness of material increase as SDAS decreases.
